In an experiment with 2,040 Ross 308 broiler chickens, the effect of substituting inorganic with organic minerals in broiler feed on performance was determined. The experiment comprised 2 dietary treatments, with 6 replicates of 170 mixed-sex broiler chickens per pen replicate. Experimental diets consisted of a control treatment, formulated with inorganic Mn, Zn, Fe, and Cu sulfates at levels of 70, 37, 45, and 12 ppm, respectively, and an organic mineral diet supplemented with lower levels of Mn, Zn, Fe (all 10 ppm), and Cu (2.5 ppm) supplied as peptide chelates (Bioplex). Production performance was measured during the 39-d trial period, and mineral excretion was evaluated at 26 d of age. In the starter period (0 to 14 d), FCR tended to improve (P = 0.06) in broilers fed the organic mineral diet. However, no significant differences were observed in any of the productive performance parameters measured during the trial. Significantly lower (P < 0.05) excretion rates were recorded for all minerals in fecal samples taken from broilers receiving the organic mineral diet. Fecal levels of Mn, Zn, Fe, and Cu were 46, 63, 73, and 55%, respectively, compared to the controls.
DESCRIPTION OF PROBLEM
Diets for livestock are supplemented with minerals to avoid deficiencies that can lead to a wide variety of clinical and pathological disorders. Trace minerals fulfill a central role in many metabolic processes throughout the body and are essential for correct growth and development of all animals. They predominantly act as catalysts in many enzyme and hormone systems [1] 1 interfere with or unbalance mineral uptake. Traditionally, inorganic mineral salts (as oxides and sulfates) have been used within feed formulations, because they offer a cost-effective solution to meet the requirement of the animal for trace elements. The availability of minerals from these sources varies, but in general, sulfates are thought to have higher bioavailability than oxides [3] .
Nowadays, livestock is generally fed highly concentrated diets that are formulated to provide an excess of nutrients to maximize performance [4] . Modern, large-scale commercial livestock production systems have given rise to many environmental concerns due to the amount of waste that must be removed and disposed from these facilities. High nutrient and mineral (e.g., N, P, and trace minerals) concentrations in manure, when used as fertilizer, can lead to soil concentrations that exceed crop requirements. These excess minerals can leach through soils, potentially contaminating ground water supplies.
Increased awareness of potential mineral pollution has stimulated discussions on how to reduce mineral supplementation levels in livestock nutrition without jeopardizing animal health and productive performance. The use of organically complexed or chelated minerals in premixes has been suggested as a solution to this problem, based on the hypothesis that mineral complexes have a higher bioavailability than inorganic salts. This implies that organic minerals may be added at a much lower concentration in the diet than inorganic minerals, without any negative affect on production performance and potentially reducing mineral excretion. The most reasonable solution to reduce the excretion of trace minerals is to use mineral sources with a higher availability, which enables a reduction in dietary application levels. Research suggests that this can be done by providing minerals in a chelated form to the animals [2, 4, 5, 6] . However, the potential antimicrobial effects of high levels of Cu added as inorganic Cu on crop and small intestine microflora to maintain a good gut health may be abolished by this strategy. Therefore, an additional nutritional strategy to maintain gut health may be required.
Proteinates are forms of protein/peptide/ amino acids chelated to minerals, whose consistent bioavailability equates more closely to that of small peptides and amino acids, which appear to be a more suitable form to use in formulating diets containing minimal levels of trace minerals [4] . The use of organic mineral sources can improve intestinal absorption of trace elements as they reduce interference from agents that form insoluble complexes with the ionic trace elements [2] . The objective of the following experiment was to determine the effect that replacing inorganic minerals with organic forms of Mn, Zn, Fe, and Cu has on productive performance and mineral excretion in broiler chickens.
MATERIALS AND METHODS
A total of 2,040 Ross 308 [7] one-day-old broiler chickens (mean weight 42 g) were used in the feeding trial that lasted until the birds reached 39 d of age. In total, 12 floor pens (surface area 10 m 2 ) were used, each containing 85 male and 85 female broilers, to give 6 pen replicates and a total of 1,020 birds per treatment. The birds were given ad libitum access to feed and water. A lighting schedule of 23L:1D was imposed throughout the experimental period. Ambient temperature was gradually decreased from 32°C on d 1 to 22°C at the end of the experiment. On d 1, birds were vaccinated against infectious bronchitis. Newcastle disease vaccination was performed on d 8, whereas the Gumboro vaccination took place on d 20.
Feed intake and bird weight were determined at 15, 29, and 39 d of age and were used to calculate FCR. The litter score on d 21 was visually determined by 4 experienced technicians, using a scale of 1 (very wet litter) to 10 (very dry litter).
On d 26, fecal samples were taken for mineral analysis. Ten birds per pen were randomly selected and placed in cages, where lighting was reduced for approximately 15 min, until sufficient droppings were produced (minimum of 50 g per 10 birds). After fecal collection, birds were returned to their original pen. Fecal samples from each pen were homogenously mixed and analyzed for Mn, Zn, Fe, and Cu contents, to determine the level of mineral excretion.
The nutrient composition of the experimental diets (Table 1) was calculated from Centraal Veevoederbureau standards and formulated to meet the nutrient requirements of broilers [8] . The control diet was formulated using 12 ppm Cu as CuSO 4 (25%), 37 ppm Zn as ZnSO 4 (35%), 70 ppm Mn as MnO (52%), and 45 ppm Fe as FeSO 4 (30%) to meet normal trace element requirements in feed. These standard levels reflect the normal supplementary levels and sources of minerals for commercial broiler feed in the Netherlands. In the experimental diet, the supplemental inorganic minerals were entirely replaced by lower levels of organic minerals (10 ppm of Zn, Mn, and Fe and 2.5 ppm Cu) as the commercial proteinates, Bioplex [9] . Feeds were formulated to provide 3 phases during the experiment: a starter (0 to 14 d), grower (15 to 28 d), and finisher (29 to 37 d). The diets were pelleted through a 2.5-mm die. All feeds were analyzed for mineral content. Mineral analyses in feed and feces were performed by acid-heat destruction (2-g sample in 20 mL of HNO 3 and 10 mL of HClO 4 for 30 min) followed by an induced coupled plasma-atomic emission spectrometry measurement using a standard produced in similar acid mixture. Visually determined by 4 experienced technicians, using a scale of 1 (very wet litter) to 10 (very dry litter).
Each pen of broilers was considered to be 1 experimental unit, for the purpose of statistical analysis. Feed intake, BW gain, FCR, mortality rate, and litter scores were analyzed by ANOVA using Genstat [10] . Treatment means were compared by LSD. Differences between treatments were considered significant at P < 0.05.
RESULTS AND DISCUSSION

Broiler Production Performance
In the starter period (1 to 14 d), no significant differences were observed between any of the performance parameters measured (P > 0.05; Table 2 ). There was a tendency toward improved FCR for the broilers fed organic minerals (P = 0.06). In the grower period (d 15 to 28) and in the finisher period (d 29 to 39), no significant differences were observed in production performance. Likewise, when growth performance over the entire experimental period was analyzed (1 to 39 d), no significant treatment effects were observed.
Litter quality as measured by litter score at d 21 showed no significant differences between the control and the experimental diet (Table 2) .
Mineral Excretion
The analyzed values (Table 3) represent the total minerals derived from the raw materials plus the mineral supplements from either the inorganic premix (control) or the organic source. The variation in mineral contents reflects the difference in added concentration of minerals between the 2 treatments.
The results from the mineral analysis in manure samples on d 26 are shown in Table 4 . Although it would have been better to include a marker in the diet to correct for fecal DM and DM digestibility between the 2 treatments, some findings can be drawn from this table. Broilers fed the organic mineral diet excreted much lower concentrations of all the minerals under examination (46, 63, 73, and 55%, respectively, for Mn, Zn, Fe, and Cu) compared with fecal samples from broilers fed the control diets [100 − (level in control feces − level in treatment feces)/ level in control feces]. The significantly lower excretion rates observed in the organic mineral diet are a consequence of the overall higher concentrations of minerals supplied in the control diet supplemented with inorganic minerals rela- tive to the organic experimental diet. However, these results also prove that much lower concentrations of minerals can be supplied to broilers in an organic form without losses in animal growth performance and with lower concentrations being excreted in manure. Feeding studies conducted in Canada demonstrated that chelated trace minerals are at least 30% more bioavailable than inorganic trace mineral salts when fed to broilers [4] . Similar studies have been conducted in pigs, in which improvements in growth have been observed in herds receiving organic forms of Cu [11] . It is thought that organic minerals that are chelated to small peptides have much greater bioavailability through increased selective transport of peptides at gut level [12] . However, it has yet to be conclusively proven that mineral chelates are better absorbed in the monogastric enterocyte. The higher availability of chelates may be linked to Values with no common superscript in a column differ significantly (P < 0.05).
the shielding of the minerals positive charge during chelation. This allows the mineral to withstand the binding activity of the negatively charged mucin layer and results in lower competition between minerals of similar charge in their resorption from the gut and transfer to the enterocyte [13] . These 2 parameters, combined with lower complex formation in the intestinal lumen with compounds such as phytate, may contribute to the higher absorption of minerals from the gut. Feeding trials in mammalian species have shown that organic minerals have higher relative bioavailabilities than inorganic oxides and sulfates. Chelated Fe has a bioavailability of 1.3 to 1.85 times the bioavailability of their inorganic forms in pigs, whereas the organic Mn bioavailability is 1.2 times the bioavailability of its sulfate in broilers, and chelated Zn increased broiler tibia mineral levels by 35% more than inorganic sulfate [14] .
